' !'he purpose of this investigation was to determine if the performance-intensity function for spondees delivere~ via bone conduction (using the Radioear E-72 and Pracitronic KH-70) differed from the performance-intensity function for air conduction (using TDH-39 earphones). A secondary consideration addressed in this study was the comparison ~= the discrimination sccrcs using the three transdu;::ers. Performance-intensity funC"tions for spondee thresho:ds were calculated on 12 normal hearing subjects In conclusion, the results of this study suggest that the use of speech tests, such as the speech reception threshold and discrimination tests, which were originally designed for use via air conduction can safely be used for bone conduction.
demonstrated that the speech reception threshold (SRT) obtained via bone conduction was useful in the diagnosis of conductive losses in young children. The use of the speech signal rather than that of a pure tone stimulus is thought to be more meaningful for children and other hard-to-test populations and thus better to use clinically (Velente & Stark, 1977) . Goetzinger and Proud (1955) found that speech reception thresholds obtained via bone conduction had a high correlation with average pure tone thresholds by bone conduction, at frequencies .5, 1 and 2 kHz. Speech delivered via bone conduction thus can also be a useful check on the reliability of pure tone test results (Stockdell, 1974; Edgerton, Danhauer and Beattie 1977; Valente & Stark, 1977) .
The most commonly used material for determining the speech reception threshold are the CID W-1 spondaic word lists. However, this test was designed for delivery via air conduction (by earphones or loudspeaker) . A potential problem in the delivery of word lists via bone conduction is that the frequency response on the bone conduction vibrators is narrower and more irregular than the earphones or loudspeakers used in the clinic. For example, the Radioear B-72 has large resonate peaks near 200, 1200, and 3800 Hz and little output above 5000 Hz (see Figure 1 ). (Egan, 1949) . The steeper the function or slope, the more precise the determination of the speech reception threshold. With a steeper performance-intensity function, there is a smaller intensity range over which speech is intelligible versus unintelligible. Hirsh, Davis, Silverman, Reynolds, Eldert, and Benson (1952) determined that the slope of the performance-intensity function for W-1 spondees was very steep, rising at a rate of 8% per dB over the range of 20-80%. It is because of the steep slope that the test is so reliable. Also, with respect to audibility. Homogeneity is important due to the fact that the rate of intelligibility rises steeply within a small range of intensity.
Spondees were chosen by Hudgins et al. (1947) over other dissyllabic words and monosyllabic words. The spondees were found to be the most homogeneous with respect to audibility. The rate of intelligibility increased 10%
for every 1 dB increase in intensity, and contributes to the stable and steep performance-intensity function.
According to Davis (1948) (Stockdell, 1974) . Final results of Stockdell's study indicated that bone conduction speech measures showed good stability.
Past research has shown that for normal listeners the threshold of intelligibility for spondaic words is on an average of 13 dB SPL higher than the threshold for hearing at 1 kHz. Thus, in order for there to show good agreement between the average pure tone threshold for hearing for frequencies .5, 1 and 2 kHz, it is necessary to use o dB speech reception threshold at a sound pressure level of 29 dB (Newby, 1979) .
SPEECH DISCRIMINATION
Speech discrimination via bone conduction has also been suggested as useful in the clinical environment.
Speech discrimination, the ability to discriminate between words, such as rhyming words, is often used to gain more detailed information in diagnosis, particularly with cochlear function (Goetzinger & Proud, 1955) . Robinson and Kasden (1970) found that bone conduction speech discrimination may be a "more accurate method of measuring cochlear reserve •.
•• " Mixed losses or conductive losses would not
give an accurate measure of cochlear reserve using the standard method of speech discrimination which utilizes the air conduction route.
The monosyllabic words used in speech discrimination tests have been through numerous revisions to become standardized. Originally, 24 lists of 50 words were constructed. The words were assigned to a list according to the phonetic composition of the first part of the word.
These lists were referred to as the PB (Phonetically Balanced) lists. Revisions were made t "insure that the lists were nearly phonetically balanced" (Egan, 1949) . The following criteria were used to create the 20 lists of 50 monosyllabic words: 1) monosyllabic 2) equal average difficulty 3) equal range of difficulty 4) equal phonetic composition 5) composition representative of English speech 6) words in common usage" (Egan, 1949) .
The development of speech material used for discrimination testing has had several sources. Hirsh et al. (1952) developed the CID (Central Institute for the Deaf) word lists to overcome such problems as unfamiliar vocabulary and recordings which were not standardized. The CID lists were developed from words which met certain standardized criteria. Specifically, they were of one syllable; did not appear on more than one list; were familiar and the phonetic composition was representative of the English language (Penrod, 1985) . An added improvement resulted from using magnetic recording tape.
After the PB lists were created, speech discrimination test materials were again revised. 
PROCEDURES
Each subject participated in two 2-hour sessions. The subjects were seated in a sound-shielded room and instructions were read to the subject. The subject's task was to repeat the stinulus word presented. Subjects were given the opportunity to ask questions at this time. If the subject's response was correct then another word was presented. If the second word was correct, the tester descended in 1 dB steps until one of the two consecutive spondees was missed.
When this spondee was missed, two more spondees were presented and the tester determined the lowest level at which two out of four spondees were correctly repeated.
This level was taken as the estimated speech reception threshold.
Rest periods of 5-10 minutes were given whenever the subject indicated one was needed. Each W-1 list (A-F) was presented at a different level. The presentation level was calculated from a subject's previously established speech reception threshold. The levels for each subject were -6, -4, -2, o, 2, and 4 dB relative to the pre-determined speech reception threshold. The number of correct spondees was computed for each subject. The NU-6 discrimination lists were presented at a 40 dB sensation level above the pre-determined speech reception threshold and the percen- .·.
. 
-e. Edgerton, Danhauer, and Beattie (1977) , who found a lower slope for the PI function for bone conduction over air conduction. It is possible that the lower slope for bone conduction found in the Edgerton et al. study may be due to the transducer used (a Radioear B-70-A). The B70-A bone vibrator does not meet current standards (ANSI, 1981) for transmitting speech.
Discrimination scores of the present study were also similar between transducers, suggesting that speech intelligibility is comparable for bone conduction to air conduction.
The results of the present study suggests that we can safely use the CID-Wl spondee word lists when testing via bone conduction, even though the test was originally designed for use via air conduction. Also, my results suggest that the same criteria used for defining the speech reception threshold in air conduction, such as the 50% correct level, can be applied to bone conduction as well as to air conduction.
Finally, the results of this investigation suggests another area for further research. Using the particular type of equipment and procedures, further investigation into the performance-intensity function of speech via bone conduction as compared to speech via air conduction could be attempted using hearing-impaired subjects. Normal hearing listeners gave both SRT and discrimination scores at lower levels. With hearing-impaired listeners, higher levels of intensity would be required to obtain results.
This could be useful in determining if the results from the present study are consistent with the hearing-impaired listener. Secondly the relationship of discrimination scores of speech via bone conduction versus air conduction has still not been clearly established with the hearingimpaired listener.
